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Abstrat
We study the potential of future high energy e+e− olliders to probe exited neutrino signals in
dierent hannels oming from the single prodution proess via gauge interations. We alulate
the prodution ross setion, deay widths and branhing ratios of exited spin-3/2 neutrinos a-
ording to their eetive urrents and we ompare them with that of the spin-1/2 ones. The signals
and orresponding bakgrounds are examined in detail to get aessible limits on the masses and
ouplings of exited spin-3/2 neutrinos.
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I. INTRODUCTION
Phenomenologialy, an exited lepton an be onsidered as a heavy lepton sharing leptoni
quantum number (avour) with the orresponding Standard Model (SM) lepton. Exited
leptons (l∗) are suggested by a omposite model of leptons [1℄. The lepton ompositeness
would be the most pronouned in the exess of high-pT events in the forthoming high
energy experiments. If leptons are omposites, they an be assigned to spin-1/2 bound
states, ontaining three spin-1/2 or spin-1/2 and spin-0 subpartiles. Bound states and/or
exited states of spin-3/2 leptons are possible with three spin-1/2 [1℄ or spin-1/2 and spin-1
subpartiles in the framework of ompositeness. Composite leptons in the enlarged groups
of standard theory would also imply spin-3/2 leptons [2, 3℄. Further motivation for spin-3/2
partiles omes from the supergravity (SUGRA) where spin-3/2 gravitino is the superpartner
of the graviton [4℄. Massive spin-3/2 exited neutrinos with the analogous heavy spin-
1/2 exited ones an be produed at future high energy olliders through their eetive
interations with the ordinary leptons. In the eletron-positron ollisions, pair prodution
of exited spin-3/2 neutrinos an also be performed, but it is limited kinematially by m∗ <
√
s/2, while single prodution diretly an reah masses as high as
√
s. Furthermore, exited
neutrino ould ontribute to the pair prodution of harged weak bosons through its exhange
in the t−hannel [5℄.
The mass limits for exited spin-1/2 neutrino from its single prodution searh are m∗ >
190 GeV and m∗ > 102.6 GeV from their pair prodution [6℄ assuming f = −f ′ . Relatively
small mass limits are obtained for f = f
′
, where f and f
′
are the saling fators for the gauge
ouplings of SU(2) and U(1). In this ase, the mass limits for the exited spin-1/2 neutrinos
are: mν∗e > 101.7 GeV, mν∗µ > 101.8 GeV and mν∗τ > 92.9 GeV [6℄. Reently, a searh for the
exited spin-1/2 neutrinos has been performed by H1 Colloboration [7℄ assuming f = f
′
and
f/Λ = 1/m∗, with an exlusion limit for the mass range of exited neutrino m∗ < 213 GeV
at 95% C.L. Exited spin-1/2 leptons was studied at hadron olliders in [8℄ and [9, 10℄ by
taking into aount possible bakgrounds. These studies have shown that exited spin-1/2
lepton masses up to 2 TeV an be probed at the LHC. An analysis of the prodution and
deay proesses of single heavy spin-3/2 neutrinos was performed in [11, 12℄ in the frame of
two phenomenologial urrents without taking into aount possible bakgrounds from the
ollisions.
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In this study, we onsider exited neutrino prodution in more detail (sine exited spin-
3/2 neutrinos are least studied ompared to the exited spin-1/2 ones). We take into aount
the signals in dierent deay hannels of exited neutrinos as well as the orresponding
bakgrounds at the International Linear Collider (ILC) [13℄ with
√
s = 0.5 TeV and Compat
Linear Collider (CLIC) [14℄ with an optimal design energy of
√
s = 3 TeV. We present the
missing transverse momentum distributions for single prodution of exited spin-3/2 and
spin-1/2 neutrinos. The shape of these distributions would help to disriminate the signals
from the bakground.
II. PHENOMENOLOGICAL CURRENTS
First, we onsider the interation between a spin-1/2 exited neutrino, gauge boson (V =
γ, Z,W±) and the SM lepton desribed by the eetive urrent:
Jµ1/2 =
ge
2Λ
u(k, 1/2)iσµνqν(1− γ5)fV u(p, 1/2) (1)
where Λ is the sale of new physis responsible for the new interations, k, p and q are
the four-momentum of SM neutrino (eletron), exited spin-1/2 neutrino and gauge boson
γ, Z (W±), respetively. ge is the eletromagneti oupling onstant, ge =
√
4πα. fV is
the eletroweak oupling parameter orresponding to the vetor boson V . In Eq. (1),
σµν = i(γµγν −γνγµ)/2 with γµ being the Dira matries. For an exited spin-1/2 neutrino,
three deay hannels are possible: radiative deay ν∗ → νγ, neutral weak deay ν∗ → νZ,
harged weak deay ν∗ → eW. Negleting the ordinary lepton masses we nd deay widths
as
Γ(l∗(1/2) −→ lV ) = αm
∗3
4Λ2
f 2V (1−
m2V
m∗2
)2(1 +
m2V
2m∗2
) (2)
where fγ = (f − f ′)/2 ; fZ = (f cot θW + f ′ tan θW )/2 ; fW = f/
√
2 sin θW ; mV is the mass
of the gauge boson. The parameters f and f ′ are determined by the omposite dynamis,
and they an be dened as q2− dependent form fators. In the literature, they are often
taken as f = f ′ = 1 or f = −f ′ = 1 with Λ = m∗. The total deay width of the exited
spin-1/2 neutrino is Γ = 3.4(6.9) GeV for m∗ = 0.5(1) TeV at f = f ′ = 1 and Λ = m∗.
The deay widths for exited spin-1/2 neutrino for the mass range 0.2− 3 TeV are given in
Table I. The branhing ratios of the exited spin-1/2 neutrinos into SM leptons and gauge
bosons are given in Fig. 1. One may note that the eletromagneti interation between
3
exited neutrino and ordinary neutrino vanishes for f = f ′. As seen from Fig. 1, for
f = f ′ = 1 harged urrent deays beome dominant for higher mass values m∗ > 150 GeV,
while f = −f ′ = 1 the branhing ratio is ∼ 60% for eW hannel. Their relative importane
depends on the gauge boson mass and ouplings. At f = −f ′ = 1 the branhings will be
60% for W hannel, 12% for Z hannel and 28% for γ hannel at higher exited spin-1/2
neutrino masses (m∗ > 500 GeV). Therefore the signature of ν∗ → eW is preferable in both
ases for the investigation of exited neutrino in future linear ollider experiments.
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FIG. 1: The branhing ratios (%) depending on the mass of exited spin-1/2 neutrino for f = f ′ = 1
(thin lines) and f = −f ′ = 1(thik lines).
Seond, the phenomenologial urrents for the interations among spin-3/2 exited neu-
trino, gauge boson and SM lepton are given by
Jµ1 = geu(k, 1/2)(c1V − c1Aγ5)uµ(p, 3/2) (3)
Jµ2 =
ge
Λ
u(k, 1/2)qλγ
µ(c2V − c2Aγ5)uλ(p, 3/2) (4)
Jµ3 =
ge
Λ2
u(k, 1/2)qλiσ
µνqν(c3V − c3Aγ5)uλ(p, 3/2) (5)
where uµ(p, 3/2) represents the Rarita-Shwinger vetor-spinor [15℄, ciV and ciA are the ve-
tor and axial vetor ouplings, the four momenta qα = (p− k)α belongs to the vetor boson.
A spin-3/2 exited neutrino (ν∗) deays via two-body proess aording to the phenomeno-
logial urrents Eq.(3-5). The radiative deay widths of exited spin-3/2 neutrinos for three
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dierent urrents are given as
Γ1(ν
∗(3/2) −→ νγ) = α
4
(cγ
2
1V + c
γ2
1A)m
∗
(6)
Γ2(ν
∗(3/2) −→ νγ) = α
24
(cγ
2
2V + c
γ2
2A)m
∗(
m∗
Λ
)2 (7)
Γ3(ν
∗(3/2) −→ νγ) = α
48
(cγ
2
3V + c
γ2
3A)m
∗(
m∗
Λ
)4 (8)
and the weak deay widths of exited spin-3/2 neutrinos are given by
Γ1(ν
∗(3/2) −→ lV ) = α
48
(c21V + c
2
1A)m
∗ (1− κ)2
κ
(1 + 10κ+ κ2) (9)
Γ2(ν
∗(3/2) −→ lV ) = α
48
(c22V + c
2
2A)m
∗(
m∗
Λ
)2
(1− κ)4
κ
(1 + 2κ) (10)
Γ3(ν
∗(3/2) −→ lV ) = α
48
(c23V + c
2
3A)m
∗(
m∗
Λ
)4(1− κ)4(2 + κ) (11)
where κ = (mV /m
∗)2 and mV is the mass of the vetor boson (W
±
or Z).
The relative importane of higher dimension operators is not essential when Λ > m∗.
Taking Λ = m∗ = 0.5(1) TeV and ciV = ciA = 0.5 we nd the total deay widths of the
exited spin-3/2 neutrinos as Γ1 = 3.9(24.6) GeV, Γ2 = 2.7(22.2) GeV and Γ3 = 0.23(0.48)
GeV for the urrents J1, J2 and J3, respetively. The deay widths of exited spin-3/2
neutrino with ciV = ciA = 0.5 for dierent mass values are shown in Table I. One an notie
that even at Λ = m∗ and equal ouplings, the values of the deay widths beome dierent.
Beause, there are dierent radiative ontributions for eah urrents and the κ term eets
dierently these hannels. The orresponding branhings are given in Fig. 2. For equal
ouplings ciV = ciA = 0.5 and Λ = m
∗
the branhings for the weak deays orresponding
to the urrent J1 and J2 beomes dominant for m
∗ & 200 GeV. The radiative and the weak
deay hannels with the same ouplings have equal probability for the urrent J3 when
m∗ & 500 GeV.
III. CROSS SECTIONS
The spin-1/2 and spin-3/2 exited neutrinos an be produed singly at future e+e− ol-
liders, namely ILC and CLIC. The Feynman diagrams ontributing to the single prodution
of exited neutrinos via the s-hannel Z, γ exhange and t-hannel W exhange are shown
in Fig. 3.
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FIG. 2: The branhing ratios (%) of exited spin-3/2 neutrinos depending on their mass values.
The plots (up to down) orrespond to the urrents J1, J2 and J3 with ouplings ciV = ciA and
Λ = m∗.
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TABLE I: Exited spin-3/2 neutrino deay widths depending on their masses for ciV = ciA = 0.5.
The numbers in the seond olumn show the results for exited spin-1/2 neutrinos with f = −f ′ = 1
(f = f ′ = 1) at Λ = m∗.
m∗ (TeV) ΓJ(1/2) (GeV) ΓJ1(3/2) (GeV) ΓJ2(3/2) (GeV) ΓJ3(3/2) (GeV)
0.2 1.15 (1.03) 0.54 0.14 0.06
0.3 1.93 (1.85) 1.22 0.55 0.12
0.4 2.67 (2.61) 2.29 1.36 0.18
0.5 3.39 (3.35) 3.89 2.71 0.23
0.75 5.18 (5.15) 11.12 9.31 0.36
1.0 6.95 (6.93) 24.62 22.20 0.48
1.5 10.43 (10.45) 78.89 75.24 0.78
2.0 13.97 (13.98) 183.48 178.61 0.97
2.5 17.49(17.47) 355.16 349.07 1.22
3.0 20.99 (20.98) 650.72 603.41 1.46
e−
e+
γ ν⋆
ν¯
(a)
e−
e+
Z ν⋆
ν¯
(b)
e− ν⋆
W+
e+ ν¯
(c)
FIG. 3: Feynman diagrams for single exited spin-3/2 or spin-1/2 neutrino prodution in e+e−
ollisions.
One may note that pair prodution of exited neutrino in the t-hannelW exhange is also
possible with the urrents given in the previous setion. In the s-hannel pair prodution of
exited neutrinos of any type ould also be possible if their interations with photon and Z
boson are dened. On the other hand, the single prodution of ν∗µ and ν
∗
τ with the s-hannel
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proess is possible with and without the lepton avour violating oupling (LFV).
Reently, spin-1/2 exited neutrino have been studied at the ILC energy
√
s = 0.5 TeV
in [16℄. The ν∗ → eW signal has been searhed for an easy identiation and aurate
measurements in a linear ollider environment. The results show that spin-1/2 exited
neutrino an be probed up to the mass m∗ = 450 GeV in the harged weak deay hannel
when the oupling parameters are taken as f = f ′ = 0.1 for Λ = m∗.
In order to alulate the ross setions for e+e− → ν∗e ν¯e proesses for three phenomeno-
logial spin-3/2 urrents J1, J2 and J3, we integrate over the Mandelstam variable t (or cos θ)
of the diential ross setion
dσ
dt
(k)
=
g2e
24m∗2 π s2
∑
i≤j=1,3
T
(k)
ij
P
(k)
ij
(12)
where we use the expressions T
(k)
ij and P
(k)
ij as given in the Appendix. Total ross setions as a
funtion of exited neutrino mass are presented in Figs. 4-6 at enter of mass energy
√
s = 0.5
and
√
s = 3 TeV.
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FIG. 4: Exited neutrino prodution ross setion as a funtion of the mass at the ILC energy
√
s = 0.5 TeV (left panel) and CLIC energy
√
s = 3 TeV (right panel). Solid, dotted, dashed and
dot-dashed lines denote spin-1/2 urrent J(1/2) for f = −f ′ = 1 and the spin-3/2 with J1, J2, J3
urrents for cγiV = c
γ
iA = 0.5, respetively.
One an see from Figs. 4 and 5, the exited spin-3/2 neutrinos with urrent J3 (having
only cγi or c
Z
i ouplings) has a ross setion larger than the other two urrents (J1 and J2)
when its mass below 1.8 TeV and when they are produed at
√
s = 3 TeV. The ross se-
tion for the ν∗(J3) via t−hannel W−exhange beomes more visible below m∗ < 1.4 TeV,
8
100 200 300 400 500
m*HGeVL
0.0001
0.01
1
100
Σ
H
p
b
L
J3H32L
J2(32L
J1H32L
JH12L
500 1000 1500 2000 2500 3000
m*HGeVL
0.0001
0.01
1
100
10000
Σ
H
p
b
L
J3H32L
J2(32L
J1H32L
JH12L
FIG. 5: Exited neutrino prodution ross setion as a funtion of the mass at ILC with
√
s = 0.5
TeV (left panel) and CLIC with
√
s = 3 TeV (right panel). Solid, dotted, dashed and dot-dashed
lines denote spin-1/2 and spin-3/2 urrents J(1/2), J1, J2, J3 urrents, respetively. Here, we take
f = f ′ = 1 and cZiV = c
Z
iA = 0.5 with Λ = m
∗.
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FIG. 6: Exited neutrino prodution ross setion as a funtion of the mass at ILC (left panel)
and CLIC (right panel). Solid, dotted, dashed and dot-dashed lines denote spin-1/2 and spin-3/2
urrents for f = −f ′ = 1 and cWiV = cWiA = 0.5, respetively. Here we take Λ = m∗.
as shown in Fig. 6. Depending on the ouplings ciV , ciA their (urrents) relative impor-
tane (hanges in the ross setion for the interested mass range) beome more pronouned
ompared to the exited spin-1/2 neutrinos.
In order to dierentiate the spin-3/2 and spin-1/2 exited neutrino signals we plot the
dierential ross setions as a funtion of pT in the Figs. 7-9. The distributions of missing
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pT for the single prodution of the spin-1/2 and spin-3/2 exited neutrino show dierent be-
haviours. Furthermore, the prodution of the exited spin-3/2 neutrino with J3 interations
leads to dierent missing pT distributions than the others (J1 and J2). Conerning the nal
state we onsider three deay hannels of signal ν∗ → νγ, ν∗ → e−W+ and ν∗ → νZ for
exited neutrino. These lead to the nal state with γ+ 6pT , e± + 2j+ 6pT and ℓ+ℓ−+ 6pT as
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FIG. 7: The missing pT distribution taking into aount the oupling c
γ
iV = c
γ
iA = 0.5 for spin-3/2
urrents and f = −f ′ = 1 for spin-1/2 urrent with Λ = m∗ where m∗ = 350 GeV for ILC and
m∗ = 1 TeV for CLIC.
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FIG. 8: The missing pT distribution taking into aount the oupling c
Z
iV = c
Z
iA = 0.5 for spin-3/2
urrents and f = f ′ = 1 for spin-1/2 urrents with Λ = m∗ where we take m∗ = 350 GeV for ILC
and m∗ = 1 TeV for CLIC.
shown in Table II. At the ILC energy of
√
s = 500 GeV, the shape of the missing transverse
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FIG. 9: The missing pT distribution taking into aount the oupling c
W
iV = c
W
iA = 0.5 for the
urrents Ji(3/2) and f = −f ′ = 1 for J(1/2) with Λ = m∗ where we used m∗ = 350 GeV for ILC
and m∗ = 1 TeV for CLIC.
momentum 6pT for the signal onerning e+e− →W+e−ν¯ proess behaves dierent from that
of the orresponding bakground in Fig. 10. However, at higher enter of mass energies the
urrents J1(3/2) and J2(3/2) show similar behaviour with the bakground espeially at low
6pT region.
IV. ANALYSIS
In order to pereive the exited neutrino signals from the bakground we an put some
uts on the nal state observable partiles, and a ut on the missing transverse momentum.
In general, by applying suitable uts the signal an be more pronouned over the bakground.
For the aeptane of interested events we apply the following initial uts:
pe,γT > 20 GeV (13)
|ηe,γ| < 2.5 (14)
where pT is the transverse momentum of nal state detetable partile, η denotes for pseu-
dorapidity. Sine the neutrino an be identied as the missing transverse momentum, we
an also apply the same ut on the 6 pT . After applying these uts we nd the total ross
setion for the SM bakground as 1.062 (2.049) pb, 0.329 (2.083) pb and 0.918 (0.463) pb
at
√
s = 0.5(3) TeV for the e+e− → ννγ , e+e− → ννZ and e+e− → e−νW+ proesses,
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TABLE II: Final states for single exited neutrino prodution
Deay mode Prodution e+e− → ν¯ν∗
Radiative ν¯νγ
Charged-urrent ν¯e−2j
Neutral-urrent ν¯νl+l−
TABLE III: The ross setion (in pb) for spin-3/2 signal for cγiV = c
γ
iA = 0.5 and spin-1/2 signal
for f = −f ′ = 1 at √s = 0.5 TeV. Here we take Λ = m∗
m∗ (GeV) J (1/2) J1(3/2) J2(3/2) J3(3/2)
200 5.36 × 100 1.85 × 10−1 6.49 × 10−1 2.60× 100
250 3.21 × 100 1.27 × 10−1 1.76 × 10−1 4.90× 10−1
300 2.05 × 100 8.50 × 10−2 4.70 × 10−2 9.90× 10−2
350 1.43 × 100 5.10 × 10−2 1.10 × 10−2 1.80× 10−2
400 9.50 × 10−1 2.50 × 10−2 1.17 × 10−3 2.30× 10−3
475 3.30 × 10−1 1.80 × 10−3 5.10 × 10−6 5.40× 10−6
respetively. The program CalHEP [17℄ is used to alulate the bakground ross setions
with suitable uts. In the analysis, we take into aount one oupling ciV , ciA is kept free
while the others are assumed to vanish. We present the signal ross setions in Tables III,
IV, V, VI. In Tables VII and VIII we give the ross setions for the signal and bakground
in the relevant mass intervals.
We examine the single prodution of exited spin-3/2 and spin-1/2 neutrinos in the
deay hannels νγ, νZ and e±W∓. Conerning the nal states we hoose W boson deay
hadronially and Z boson deay leptonially, beause of the unertainty from the neutrinos
in the nal state. The orresponding bakgrounds an be studied by applying the uts on
the transverse momentum and pseudorapidities of nal state leptons and jets. Furthermore,
a way of extrating the exited neutrino signal is to impose a ut |mejj −m∗| < 25 GeV on
the ejj invariant mass for the harged weak deay hannels of ν∗. This ut an be relaxed
for higher mass values of ν∗. For m∗ > 1.5 TeV we apply an invariant mass ut mejj > 1
TeV for a lean detetion of the signal.
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TABLE IV: The signal ross setions (in pb) for cγiV = c
γ
iA = 0.5 and f = −f
′
= 1 for exited
neutrinos at
√
s = 3 TeV. Here we take Λ = m∗.
m∗ (GeV) J(1/2) J1(3/2) J2(3/2) J3(3/2)
250 4.97 × 100 6.90 × 10−2 1.73 × 101 1.35 × 103
500 1.13 × 100 2.00 × 10−2 1.00 × 100 2.01 × 101
1000 2.80 × 10−1 6.70 × 10−3 4.60 × 10−2 2.50 × 10−1
1500 1.29 × 10−1 3.50 × 10−3 4.90 × 10−3 1.40 × 10−2
2000 7.60 × 10−2 1.70 × 10−3 5.10 × 10−4 9.10 × 10−4
2500 5.00 × 10−2 5.00 × 10−4 2.10 × 10−5 2.70 × 10−5
2750 4.20 × 10−2 1.30 × 10−4 1.14 × 10−6 1.29 × 10−6
TABLE V: The signal ross setion (in pb) for cZiV = c
Z
iA = 0.5 and f = f
′
= 1 for the exited
neutrinos at
√
s = 0.5 TeV. Here we take Λ = m∗.
m∗ (GeV) J (1/2) J1(3/2) J2(3/2) J3(3/2)
200 5.68 × 100 7.00 × 10−2 2.40 × 10−1 9.90× 10−1
250 3.82 × 100 4.80 × 10−2 6.70 × 10−2 1.90× 10−1
300 2.61 × 100 3.20 × 10−2 1.80 × 10−2 3.80× 10−2
350 1.84 × 100 2.00 × 10−2 4.20 × 10−3 6.90× 10−3
400 1.27 × 100 9.50 × 10−3 6.40 × 10−4 8.80× 10−4
475 4.40 × 10−1 6.80 × 10−4 1.92 × 10−6 2.07× 10−6
For the analysis we dene the statistial signiane (SS) of the signal as
SS =
σS√
σB
√
ǫ.L
where Lint is the integrated luminosity of the ollider and ǫ is the eieny to detet the
signal in the hosen hannel. In the ν∗ → νγ and ν∗ → νZ hannel, we have used the ross
setion for the signal and bakground to alulate the signiane. Requiring SS > 3 the
attainable mass range overs up to m∗ ≈ 1.3 − 1.5 TeV (as seen from Fig. 11-13 ) for an
exited spin-3/2 neutrino at CLIC with
√
s = 3 TeV. For the ν∗ → eW hannel, the values
of the signiane are evaluted at eah mass values (invariant mass intervals) and the results
are presented in Fig. 13 the disovery reah for exited spin-3/2 and spin-1/2 neutrinos. A
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TABLE VI: The ross setions (in pb) for cZiV = c
Z
iA = 0.5 and f = f
′
= 1 for exited neutrinos at
√
s = 3 TeV, and Λ = m∗
m∗ (GeV) J(1/2) J1(3/2) J2(3/2) J3(3/2)
250 5.95 × 100 2.50 × 10−2 6.15 × 100 4.80 × 102
500 1.50 × 100 7.00 × 10−3 3.60 × 10−1 7.16 × 100
1000 3.90 × 10−1 2.40 × 10−3 1.60 × 10−2 9.00 × 10−2
1500 1.79 × 10−1 1.30 × 10−3 1.70 × 10−3 4.80 × 10−3
2000 1.05 × 10−1 6.10 × 10−4 1.80 × 10−4 3.20 × 10−4
2500 7.00 × 10−2 1.80 × 10−4 7.54 × 10−6 9.74 × 10−6
2750 5.90 × 10−2 4.80 × 10−5 4.10 × 10−7 4.60 × 10−7
TABLE VII: The signal and bakground ross setions (in pb) after the uts. The signal ross
setion is given for Λ = m∗ and cWiV = c
W
iA = 0.5 for the spin-3/2 and f = −f
′
= 1 for the spin-1/2
at
√
s = 0.5 TeV. We have used ∆m = 50 GeV.
m∗ (GeV) J (1/2) J1(3/2) J2(3/2) J3(3/2) σB(∆m)
200 8.82× 100 2.30 × 100 3.61 × 100 7.70 × 100 9.36 × 10−2
250 5.81× 100 1.83 × 100 2.39 × 100 2.75 × 100 9.12 × 10−2
300 4.02× 100 1.52 × 100 1.76 × 100 1.25 × 100 9.65 × 10−2
350 2.82× 100 1.26 × 100 1.32 × 100 6.60 × 10−1 1.21 × 10−1
400 1.97× 100 9.50 × 10−1 9.10 × 10−1 3.60 × 10−1 1.69 × 10−1
475 6.70× 10−1 2.80 × 10−1 2.10 × 10−1 9.50 × 10−2 1.23 × 10−1
smaller oupling cWiV = c
W
iA = 0.05 an be reahed in the ν
∗ → eW hannel. At the ILC,
the attainable mass ranges for spin-3/2 harged urrents an be overed up to the enter of
mass energy.
V. CONCLUSION
We onsider only the gauge interations of exited spin-1/2 and spin-3/2 partiles with
the SM partiles. Our analysis show that spin-3/2 exited neutrinos an be easily separated
from the spin-1/2 ones by examining both the transverse momentum distributions of nal
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TABLE VIII: The signal and bakground ross setions (in pb) after the uts. The ross setion is
given for Λ = m∗and cWiV = c
W
iA = 0.5 for the spin-3/2 and f = −f
′
= 1 for the spin-1/2 signal at
√
s = 3 TeV.
m∗ (GeV) J(1/2) J1(3/2) J2(3/2) J3(3/2) σB(∆m)
250 9.01 × 100 1.23 × 100 2.08× 101 1.54 × 103 1.96 × 10−2
500 2.35 × 100 3.70 × 10−1 1.70× 100 2.69 × 101 1.69 × 10−2
1000 6.00 × 10−1 1.60 × 10−1 2.70× 10−1 6.50 × 10−1 1.00 × 10−2
1500 2.76 × 10−1 1.20 × 10−1 1.50× 10−1 1.00 × 10−1 1.83 × 10−1
2000 1.62 × 10−1 1.10 × 10−1 1.20× 10−1 3.50 × 10−2 1.83 × 10−1
2500 1.08 × 10−1 1.00 × 10−1 1.00× 10−1 1.70 × 10−2 1.83 × 10−1
2750 9.00 × 10−2 9.70 × 10−2 9.00× 10−2 1.30 × 10−2 1.83 × 10−1
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FIG. 10: Missing pT distributions of bakground proesses e
+e− → γνν¯, e+e− → Zνν¯ and e+e− →
W+e−ν¯ at ILC (left) and CLIC (right) energies.
state visible and invisible partiles when they produed singly at future linear olliders. If
polarized e+ and e− beams are used the hiral struture of the ouplings an be identied
and more preise measurements an be performed at the ILC and CLIC environment. A
previous work on exited spin-3/2 eletrons [18℄ shows that they an be distinguished from
the spin-1/2 ones by analyzing the angular distribution of nal state observable partiles.
Exited neutrinos an ome in three families, ν∗e , ν
∗
µ and ν
∗
τ , this study for ν
∗
e an also be
enlarged by applying similar analysis to the exited muon-neutrinos and tau-neutrinos at
the future high energy linear olliders, and their signal distribution would be very dierent
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FIG. 11: Statistial signiane as a funtion of exited neutrino mass for dierent spin-3/2 urrents
with the ouplings cγiV = c
γ
iA = 0.5, and spin-1/2 urrent with f = −f
′
= 1 at
√
s = 0.5 TeV(rst
panel) and
√
s = 3 TeV (seond panel) using an integrated luminosity of Lint = 200 fb
−1
for ILC
and Lint = 400 fb
−1
for CLIC energies.
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FIG. 12: Statistial signiane as a funtion of exited neutrino mass for dierent spin-3/2 urrents
with the ouplings cZiV = c
Z
iA = 0.5,and spin-1/2 urrent with f = f
′
= 1 at
√
s = 0.5 TeV(rst
panel) and
√
s = 3 TeV (seond panel) using an integrated luminosity of Lint = 200 fb
−1
for ILC
and Lint = 400 fb
−1
for CLIC energies.
from that for the νe∗ when they are produed in the t-hannel diagrams with the LFV.
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FIG. 13: Statistial signiane as a funtion of exited neutrino mass for dierent spin-3/2 urrents
with the ouplings cWiV = c
W
iA = 0.05, and spin-1/2 urrent with f = −f
′
= 1 at
√
s = 0.5 TeV(rst
panel) and
√
s = 3 TeV (seond panel) using an integrated luminosity of Lint = 200 fb
−1
for ILC
and Lint = 400 fb
−1
for CLIC energies.
A. Appendix
In equation (12) the operator terms T
(1)
ij and propogators P
(1)
ij for the spin-3/2 exited
neutrino interation urrent J1 are given as
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T
(1)
11 = −g2e (cγ1A2 + cγ1V 2)(m∗2 − s)
(−t (s+ t) +m∗2 (2 s+ t))
T
(1)
12 = [−ge gz(m2Z − s)(cγ1A(cZ1V cfAm∗2s(m∗2 − s− 2t) + cZ1AcfV (st(s+ t) +m∗4(2s+ t)
−m∗2(2s2 + 2st+ t2))) + cγ1V (cZ1AcfAm∗2s(m∗2 − s− 2t)
+ cZ1V c
f
V (st(s+ t) +m
∗4(2s+ t)−m∗2(2s2 + 2st+ t2))))/2
T
(1)
13 = [−gegw(cW1A − cW1V )(cγ1A − cγ1V )((m∗4 + st)(s+ t)−m∗2(s2 + t2))]/4
√
2
T
(1)
22 = [−g2z(4cZ1A cZ1V cfAcfV m∗2s(m∗2 − s− 2t)
+ (cZ1A
2 + cZ1V
2)((cf2A + c
f2
V )
(
m∗2 − s) (−t(s + t) +m∗2(2s+ t)))]/4
T
(1)
23 = [−ge gw((cW1A − cW1V )(cZ1A − cZ1V )(cfA + cfV )
(
m2z − s
)
((m∗4 + st)(s+ t)−m∗2(s2 + t2)))]/8
√
2
T
(1)
33 = [−g2w((cW1A2 + cW1V 2)(−m∗2 + t)(s(s+ t)−m∗2(s+ 2t)))
+ 2cW1Ac
W
1Vm
∗2(m∗2 − 2s− t)t]/4
and
P
(1)
11 = 1/s
2, P
(1)
12 = 1/s(m
4
z + s
2 +m2z(−2s+ Γ2Z)), P (1)13 = 1/s(m2w − t),
P
(1)
22 = 1/(m
4
z + s
2 +m2z(−2s + Γ2Z)),
P
(1)
23 = 1/((m
2
w − t)(m4z + s2 +m2z(−2s+ Γ2Z))), P (1)33 = 1/(m2w − t)2
The T
(2)
ij and P
(2)
ij terms for the urrent J2 are given by
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T
(2)
11 = −g2e (cγ2A2 + cγ2V 2)(m∗2 − s)2
(−s2 − 2st − 2t2 +m∗2 ( s+ 2t)) /2
T
(2)
12 = [ge gz(m
∗2 − s)2 (−m2z + s
)
(cγ2A(c
Z
2V c
f
As(m
∗2 − s− 2t)
+ cZ2Ac
f
V (−s2 − 2st− 2t2 +m∗2(s+ 2t)))
+ cγ2V (c
Z
2Ac
f
As(m
∗2 − s− 2t) + cZ2V cfV (−s2 − 2st− 2t2 +m∗2(s+ 2t))))]/4
T
(2)
13 = [−gegw(cW2A + cW2V )(cγ2A + cγ2V )(m∗2 − s− t)(s + t)(m∗4 − st−m∗2(s+ t))]/4
√
2
T
(2)
22 = [−g2z(m∗2 − s)2(−4cZ2A cZ2V cfAcfV s (−m∗2 + s+ 2t)
+ (cZ2A
2 + cZ2V
2)((cf2A + c
f2
V )(−s2 − 2st− 2t2 +m∗2(s+ 2t))))]/8
T
(2)
23 = [−gz gw((cW2A + cW2V )(cZ2A + cZ2V )(cfA + cfV )
(
m2z − s
)
(s+ t)
(−m∗2 + s+ t)(s+ t)(−m∗4 + st+m∗2(s+ t)))]/8
√
2
T
(2)
33 = [−g2w((−m∗2 + t)2(2cW2AcW2V (m∗2 − 2s− t)t
+ (cW2A
2 + cW2V
2)(−2s2 − 2st− t2 +m∗2(2s+ t))))]/4
and
P
(2)
11 = 1/s
2Λ2, P
(2)
12 = 1/s(m
4
z + s
2 +m2z(−2s + Γ2Z))Λ2, P (2)13 = 1/s(m2w − t)Λ2,
P
(2)
22 = 1/(m
4
z + s
2 +m2z(−2s+ Γ2Z))Λ2,
P
(2)
23 = 1/((m
2
w − t)(m4z + s2 +m2z(−2s + Γ2Z)))Λ2, P (2)33 = 1/(m2w − t)2Λ2
The T
(3)
ij and P
(3)
ij terms for the urrent J3 are given by
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T
(3)
11 = −g2e (cγ3A2 + cγ3V 2)(m∗2 − s)2
(
m∗4 + 2t(s+ t)−m∗2 ( s + 2t)) /2
T
(3)
12 = [−ge gz(m∗2 − s)2
(−m2z + s
)
(cγ3A(c
Z
3V c
f
Am
∗2(m∗2 − s− 2t)−
cZ3Ac
f
V (m
∗4 + 2t(s+ t)−m∗2(s+ 2t))) + cγ3V (cZ3AcfAm∗2(m∗2 − s− 2t)−
cZ3V c
f
V (m
∗4 + 2t(s+ t)−m∗2(s+ 2t))))]/4
T
(3)
13 = [−gegw(cW3A − cW3V )(cγ3A − cγ3V )(m∗2 − s− t)t(m∗2(s− t) + st+m∗2(−s + t))]/4
√
2
T
(3)
22 = [−g2z(m∗2 − s)2s(4cZ3A cZ3V cfAcfVm∗2 (−m∗2 + s+ 2t)
+ (cZ3A
2 + cZ3V
2)((cf2A + c
f2
V )(m
∗4 + 2t(s+ t)−m∗2(s+ 2t)))]/8
T
(3)
23 = [gz gws((c
W
3A − cW3V )(cZ3A − cZ3V )(cfA + cfV )
(
m2z − s
)
t
(−m∗2 + s+ t)(−m∗2(s− t) + st +m∗2(−s+ t)))]/8
√
2
T
(3)
33 = [−g2w((−m∗2 + t)2t(2cW3AcW3Vm∗2(−m∗2 + 2s+ t)
+ ((cW3A
2 + cW3V
2)(m∗4 + 2s(s+ t)−m∗2(2s+ t))))]/4
and
P
(3)
11 = 1/sΛ
4, P
(3)
12 = 1/(m
4
z + s
2 +m2z(−2s+ Γ2Z))Λ4, P (3)13 = 1/(t−m2w)Λ4,
P
(3)
22 = 1/(m
4
z + s
2 +m2z(−2s+ Γ2Z))Λ4,
P
(3)
23 = 1/((t−m2w)(m4z + s2 +m2z(−2s + Γ2Z)))Λ4, P (3)33 = 1/(t−m2w)2Λ4
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